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Spastic dysarthria as a motor speech disorder impairs the intelligibility of speech 
production. By perceptual evaluation in individuals with this type of dysarthria, disorders 
 ǡ  ǡ    ǡ 
    ϔ   ǤAcoustic analysis can provide 
voice characteristics of individuals with 
dysarthria compared to typical speakers.
The goal of this research was to determine the values of acoustic parameters of 
voice and speech in adults with spastic dysarthria compared to those values in typical 




The results showed that the majority of the twelve acoustic voice parameters tested 
       ϔ  
   Ǥ 
ǡǡ
of noise, irregularities and interruptions in voice. Also, spectral analysis indicated 
ϔȀȀȀȀǡ
ǡ
impaired intelligibility of speech production.
Acoustic analysis of speech of individuals with spastic dysarthria provided data 
indicating a serious pathology of their voice and speech. Such data are very useful 
because they make it easy to determine the appropriate treatment, managing the patient 
during the treatment, and also conducting the evaluation of the treatment.
ǣǡǡǡvoice
INTRODUCTION
Spastic dysarthria is a motor speech disorder that results from damage to the upper 
motor neuron whose function is to convey impulses from the motor areas of the cortex 





is considered to be one of the most common in both children and adults.
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     ǣ  voice quality, slow speech, 
     ȋ Ȍǡ ǡ 
speech in short phrases. Rough and strained voice quality is caused by increased vocal 
ȋȌǤ
Dysarthria caused by pseudobulbar palsy results in strained and rough voice, 
hypernasality, impaired articulation with imprecise voice production, and abrupt 
   ȋǡǡƬǡ ʹͲͲͺȌǡ  
caused by spastic hemiplegia, a milder speech disorder occurs with articulation that is 
ȋǡʹ ͲͳͶȌǤ
motor neuron, either at the cortical or subcortical level, leads to syndromes typical 






     voice is performed on the basis of continuous 
phonation of vowels or spontaneous speech samples on the basis of which spectrographic 
  Ǥ       ǡ   
acoustic parameters of voice and speech are obtained as objective indicators of possible 
pathology of Ǥ Ǧ     voice processing 
facilitate accurate diagnosis of ǡǦǡ
ȋǡ	ǡ
ƬǡʹͲͳͳȌǤ
ǡvoice and speech is increasingly conducted in people with 
dysarthria, although it is noted that not all types of dysarthria are equally represented 
ȋ©ǡʹͲͳͻȌǤ
in impaired speech control mechanisms and occurs as a consequence of damage to the 
ȋǡǡƬǡͳͻ͸ͻȌǤ
dysphonias that occur within dysarthria are very important in differential diagnosis. 
In cases where laryngeal function is impaired as a result of neurological dysfunction, 
Ǥ
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  ϐ    ǡ  ǡ 
 ȋǡʹͲͲͷȌǤ  ϐ
and a description of the correlation of perceptual assessment of speech intelligibility, 
quality of ǡ     ȋ Ƭ ǡ ʹͲͲ͹ȌǤ    
acoustic analysis are to contribute to the proper diagnosis of neurological diseases of 
different neurological subsystems, to identify progressive degeneration of neurological 
ȋǡǡ
ƬǦǡʹͲͲͷǢǡǡƬǡʹͲͲͷȌǤǡ
directed towards what impact have characteristics of voice and speech in dysarthria 
on individuals, their feelings related to problems during the conversation and their 
interaction with other people and the quality of their  ȋ© Ƭ
©©ʹͲͳͻǢ©ǡ©©ǡ©©ǡe©ǡƬǡʹͲͳͻǢ
©©ǡ©ǡǡƬ©ǡʹͲͳͻȌǤ
Computer programs for voice analysis provides for more detailed and clearer 
ϐvoice dysfunctions in the context of speech 
 ȋ©  Ǥǡ ʹͲͳͻǢ ©ǡ © ©ǡ © ©ǡ Ƭ e©ǡ
ʹͲͳͻȌǤ             voice 
Ǧvoice analysis or 
ȋȌǤ
͵͵
parameters of the processed voice and provides a view of the analysed speech pattern 
Ǥ
reference values  contained in the program, which are obtained on the basis of voice 
Ǥǡ
Ǥ
addition, the program also allows the installation of alternative normative values, for 
example for the elderly or children.
 voice parameters that can be obtained using a computer program for 
        ǣ 
indicating variability of voice frequency, parameters indicating variability of voice 
amplitude, parameters indicating interruptions in voice, presence of subharmonics, 
and irregularities in the voice and parameters indicating the presence of noise and 
tremors in the ȋƬ
ǡͳͻͻͺȌǤǡ
acoustic voice parameters. Depending on the measurement goals, there are different 
   Ǥ   ȋ  Ǥǡ ͳͻͻ͸ǡ 
 ǡ ǡ ǡ Ƭ ǡ ʹͲͲ͵Ȍ      voice 
ǣǡǡ
amplitude parameters, voice irregularity parameters, tremor analysis parameters, 
voice interruption parameters, subharmonic parameters and noise parameters.
           
dysarthria, where the signal is presented through a spectrogram. It is a visual 
ǣǡ
ȋǦ©ǡʹͲͳͶȌǤ   
ǣǡǦǤ
  ǡ Ǧ  ǡ
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ǡǤϐ
energy concentrates for each voice individually are the most important for auditory 
 Ǥ            
women and do not depend on the height of the basic laryngeal tone.
The goal of the research was to determine the acoustic characteristics of voice and 
speech in adults with spastic dysarthria. It was examined whether the values  of the 




 ͳ͸ ȋͶͶǤͶΨȌǡ ʹʹ ͺ͹ ȋα͸ͳǤ͹ȌǤ  
native language was Serbian and they did not have associated disabilities that could 
affect speech and voice characteristics.
ǲ©ǳ
ǲǤǳǡ
 Ǧ ǲǳ Ǥ
   ǡ   ǡ  Ǥ
speech were recorded with a voice recorder at a distance of 5 cm from the mouth.
The instruments ǣ
1. voice and speech of “Kay 




of the male and female voice differ, the analysis was conducted separately for both sexes.
2. ȋeæǡ͸Ͷͷ͹ȌǦ
help of multidimensional voice analysis software. Five vowels in the Serbian language 
            
ǲǳǡϐǤ
is a coherent semantic whole and contains complex statements that are grateful for 
speech analysis. In the text, the representation of all voices is as uniform as in everyday 
Ǥϐȋ	ͳǡ
	ʹȌǤ
ͳʹvoice parameters, six indicate fundamental frequency variability 
ȋ	ǡ 	ǡ 	ǡ 	ǡ ǡ Ȍǡ       voice 
 ȋǡ Ȍǡ      ȋǡ Ȍǡ  
presence of irregularities and interruptions in the ȋǡȌǤ
     ǣ Fo Ǧ 
	 	 ȀȀ        
ȋƬǡʹͲͲ͹ȌǤ
are MFo Ǧ		ȀȀǡFhi Ǧ		
ȀȀ Flo Ǧ  	 	 ȀȀǤ MFo values  indicate 
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            ǡ
increased stiffness of the mucosa, a decrease in the mass of the vocal cords, or an 
increase in subglottic pressure. Decreased values  of the MFo parameter occur due to 




are used to test speech intelligibility and are most commonly used when describing 
pathological voice. Both of these parameters can be determined using the relative 
values  of JittȀΨȀShimȀΨȀJita /µs/ and ShdBȀȀȋ
Ƭ
­ǡʹͲͳͶȌǤ
NHR ȋ   Ȍ       
ȋȌȋȌ
ȋǡʹͲͲͲȌǡSPIȋ
Ȍ             





of parts with interruptions in the voice and the duration of the complete voice sample, 
more precisely it represents the percentage of parts with interruptions in voice. 
DUV ǦȀΨȀ ǯ   Ǥ
 ͲȋȌvoice in certain 
voice or interruption of 
ȋƬ
ǡͳͻͻͺȌǤ
Statistical processing and analysis
ʹͶǤ	ǡȋȌ
descriptive statistics measures. Standard deviation was used as a measure of deviation 
ǤδͲǤͲͷǤ




Ƭ ǡ ʹͲͲͻǢ Ƭ 	ǡ ʹͲͳͶȌ       
ǡ
ȋFoȌǡNHRȋǦȌǡjitter and shimmer 
ǡǤjitter, shimmer, 
and NHR parameters are cited as the cornerstone of acoustic measures of voice signal 
and are most commonly regarded as indicators of perceived voice quality in both 
normal and pathological ȋƬ
ǡʹͲͲͷȌǤ
ǡvoice parameters in individuals 
Ǥ
ϐȋͳȌǤ
410 Ivana Arseni!, Nadica Jovanovi!-Simi!, & Mirjana Petrovi!-Lazi!
ͳǤ Average values of acoustic parameters and differences  
compared to normal values, male
Male t df p
M SD
Fo ͳͷ͵Ǥ͸ͳͳ ͵ͷǤʹʹͻ ͳǤͲ͸Ͷ 19 ͲǤ͵Ͳͳ
MFo ͳͶͲǤͳͻ͸ ʹͳǤͶͺͺ ǦͲǤ͵ʹʹ 19 0.751
Fhi 297.227 ͳ͸ͶǤͷ͹Ͳ ͵Ǥͻͻͻ 19 0.001
Flo ͻ͸Ǥͻͺʹ ʹͶǤͳͷʹ ǦͺǤͲͶ͵ 19 0.000
Jita 501.510 ͶʹʹǤͺʹ͸ ͶǤͺ͸Ͷ 19 0.000
Jitt ͹ǤͲʹ͸ 5.952 ͶǤͺ͵͹ 19 0.000
ShdB ͳǤͷ͸Ͳ ͲǤ͹ͳͶ ͺǤ͵ͻʹ 19 0.000
Shim ͳ͸ǤͶͺͺ ͸Ǥͺͳ͵ ͻǤͳ͸͸ 19 0.000
NHR ͲǤͶͷͺ 0.229 ͸Ǥͷͷͺ 19 0.000
SPI ͶǤͶͷͶ 1.985 ǦͷǤʹͳ͹ 19 0.000
DVB ͳͲǤͺ͵ͷ 19.050 ʹǤͶͻ͹ 19 0.022
DUV Ͷ͹Ǥ͹ʹͻ ͵͵ǤͳʹͲ ͸ǤͶͳͺ 19 0.000
ȂǡǦǡȂǡ
ȂǡȂϐ
 ͳ    voice of male individuals with spastic dysarthria is 
ϐ       Ǥ    
ϐǡ




Most of the acoustic parameters of the voice of women with spastic dysarthria are 
ϐ
ȋʹȌǤ
ʹǤ Average values of acoustic parameters and differences  
compared to normal values, female
Female t df p
M SD
Fo ͳ͸ͻǤͻͲͲ ͷ͸Ǥ͵ʹͶ ǦͷǤʹ͸ͳ 15 0.000
MFo ͳ͸͹ǤͲ͸Ͳ ͷ͸ǤͺͲ͵ ǦͷǤʹͳʹ 15 0.000
Fhi ʹͷͻǤ͵Ͳ͵ ͳͶͳǤͲʹͲ 0.187 15 ͲǤͺͷͶ
Flo ͳ͵͸ǤͶ͵ʹ ͷͻǤͻ͸͵ Ǧ͸Ǥͷ͸͸ 15 0.000
Jita ͵ͷ͵Ǥ͹ͶͲ ͶͶͺǤͷ͵ͺ ʹǤͻͳͶ 15 0.011
Jitt ͶǤ͹Ͳ͸ ͶǤ͹ͳ͹ ͵ǤͶͷͶ 15 0.004
ShdB ͳǤ͵ͷ͸ ͳǤͲʹͶ ͶǤ͸Ͳͻ 15 0.000
Shim ͳ͵Ǥͷͺ͵ ͻǤͶͲͶ ͶǤͻʹͺ 15 0.000
NHR ͲǤͶͳͶ ͲǤ͵Ͳͻ ͵ǤͻͲ͹ 15 0.001
SPI ͶǤͺͶͳ ͳǤ͵ͻͶ Ǧ͹Ǥ͹͵Ͳ 15 0.000
DVB ͶǤͻͻ͸ ͺǤ͸͹ʹ 2.212 15 0.043
DUV ͵ʹǤͳͺ͸ ͵͵Ǥ͸ͺ͵ ͵Ǥ͹ͻͻ 15 0.002
ȂǡǦǡȂǡ
ȂǡȂϐ
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Fhi which is slightly higher than the 
ǤϐǡFo, MFo, Flo 
and SPI have lower values compared to the norms, while the values of all remaining 
parameters are higher.
It can be seen that the values  of the Flo and SPI acoustic parameters are statistically 
ϐǡ
ϐ
ǤSPI parameter is usually an indicator of 
ϐǤǡ
does not have to indicate a voice disorder. Similarly, patients with inadequate phonation 
ǲǳǡvoice characteristic may 
Ǥǡǡ
does the low value of the SPIȋƬ
ǡͳͻͻͺȌǤ
ǡ
individuals with spastic dysarthria that the values  of the jitter and shimmer parameters 
Ǥ
because they indicate irregularity of vocal cords vibration as a result of reduced 
ȋƬǡʹͲͲ͹ȌǤ
	
excessive amount of jitter ȋǡǡǡǡƬǡ
ʹͲͲͶȌǡ            
ȋǡǡǡǡƬǡʹͲͲͶȌǤ
Increased NHR parameter values  also found in the sample of respondents with 
spastic dysarthria are interpreted as increased spectral noise, which may be caused 
by variations in amplitude and frequency, presence of turbulent noise, subharmonic 





Such results indicate that a large number of interruptions in the voice as well as periods 




parameter MFo      ϐǡ   
Ǥǡ
ǡǤ
an MFoͳͷ͸ǡ Ǥ 




   ȋ  Ǥǡ ʹͲͲͶȌǡ       
the voice of respondents with different types of dysarthria were compared. Sixteen 
male patients were examined, of whom 5 were respondents with pseudobulbar palsy 





Fo range in respondents with dysarthria was narrower than that in the control group, 
ϐǤϐ
is observed to be a general characteristic of dysarthria while fundamental frequency 
ǤǦϐ
   ǡ        ǡ  
lower levels of Fo. In individuals with spastic dysarthria, the values  of fundamental 
frequencies are different depending on whether there is hypertension or hypotension 
ȋǤǡʹͲͲͶȌǤǡǡǡ





the speech of 27 female patients with dysarthria suffering from multiple sclerosis. 
Patients with multiple sclerosis most often have spastic and ataxic dysarthria. Changes 
in voice control and the 
presence of roughness in the Ǥvoice control, 
inadequate ǡ ǡǤvoice 
ȋȌȀȀ 
ǣ Jitt, Shim, SPI, NHR and MFoǤ     Jitt, Shim and 
SPI were higher in female respondents with multiple sclerosis compared with female 
ǤNHR and MFo values  were similar in dysarthria 
patients and control group. Most patients with multiple sclerosis had dysphonic 
Ǥ
ǣFo, SPIǤ
asthenic voice quality that occurs in individuals with multiple sclerosis. In our research, 
although there was no sample of respondents with multiple sclerosis, the results of the 
indicated values  of acoustic parameters can be compared to the results on the sample 
Ǥǡǡ
values  of the Jitt and Shimϐ
norms applicable to women, while the value of the SPI parameter was lower than the 
norms, indicating a partial overlapping of the results.

           
    ȋǡʹͲͲͲȌǤ  
ȋȌϐ
noise concentrate for some consonants. Spectral analysis can objectively determine the 
voice quality and describe the texture of phonation.
  ǡ     ϐ     ϐ   
Ǥ





            Ǥ
Differences were tested by t test for one sample. 
͵Ǥ Average values of formants and differences compared to normal values
  N Min Max M SD t df p
A F1 ͵͸ ͶͶͺǤͲͲͲ ͺͶʹǤͲͲͲ ͸ͷͺǤͻ͹ʹ ͳͳͲǤͶͷ͵ ͲǤͶͺ͹ ͵ͷ ͲǤ͸ʹͻF2 ͵͸ ͻʹ͸ǤͲͲͲ ͳ͸ͳͶǤͲͲͲ ͳ͵ͲͳǤͻͶͶ ͳ͹ʹǤͳ͹͸ ǦͲǤͳͲ͸ ͵ͷ ͲǤͻͳ͸
E F1 ͵͸ ͶͳͺǤͲͲͲ ͸͸ʹǤͲͲͲ ͷͳͶǤͲʹͺ ͹͹Ǥ͵͸ͷ ǦͲǤͲ͹ͷ ͵ͷ ͲǤͻͶͲF2 ͵͸ ͳͲͳ͸ǤͲͲͲ ʹ͵͵ʹǤͲͲͲ ͳ͸͵͸ǤʹͷͲ ͵͵ͷǤͻͻͶ 18.505 ͵ͷ 0.000
I
F1 ͵͸ 179.000 807.000 ͵ͺͳǤ͵͵͵ ͳʹͲǤ͹Ͳ͵ ͶǤͲͶ͵ ͵ͷ 0.000
F2 ͵͸ ͺͻ͸ǤͲͲͲ ʹ͸ͲͳǤͲͲͲ 1892.889 ͷͶ͸Ǥʹ͹ͷ ǦʹǤʹ͹ͷ ͵ͷ 0.029
O F1 ͵͸ ͵ʹͺǤͲͲͲ ͸ͺ͹ǤͲͲͲ 510.917 ͺͶǤ͸͵ʹ ǦͲǤͲ͹͹ ͵ͷ ͲǤͻ͵ͻF2 ͵͸ ͹Ͷ͹ǤͲͲͲ ͳʹͲͶǤͲͲͲ ͻͻͶǤʹͷͲ 119.517 ǦͲǤͲ͵ͺ ͵ͷ 0.970
U F1 ͵ͷ 180.000 ͸ͺ͹ǤͲͲͲ ͵͹ͻǤͳ͹ͳ ͳͳ͸Ǥͺͷ͹ ͲǤͳ͸ͳ ͵Ͷ ͲǤͺ͹͵F2 ͵ͷ 508.000 ͳ͵ͳͷǤͲͲͲ ͺͶ͵Ǥ͵͹ͳ ͳͺͲǤ͹͵ʹ ͳǤͶʹͲ ͵Ͷ ͲǤͳ͸ͷ
Ǧǡ Ǧ ǡȂ 
sample,
Ȃ ǡ Ǧǡ  Ȃ Ǧǡ  Ȃ   ǡ  Ȃ 
ϐ






sample of people with spastic dysarthria is lower than the norm and it is M = 1892,889 








reduced vowel space in dysarthria has a negative effect on intelligibility. Reduced vowel 
space which results from the increase of the otherwise low frequencies of the formats 
and the decrease of the otherwise high frequencies of the formats. Such changes in 
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distinguishes between these two groups of persons, and that it represents a sensitive, 
valid and reliable acoustic measure for monitoring the effects of Ǥ
ǡ
the authors state that they can be applied to dysarthria resulting from multiple 




       
 Ǥ
reduced, so formants that otherwise have a lower frequency become higher and higher 
  Ǥ        
ǡ ǤǤ    ϐ   Ǥ 
ǡǤ
ǡ           
      ȋ Ƭ ǡ ʹͲͳͲȌ  
ȋ	ͳ	ʹȌǤ
ǡȋ	ͳ	ʹȌ
compared to respondents in the control group. Such reduced vowel space area indicates 
the presence of deviation in the exercise of articulatory movements in individual with 
traumatic brain damage.
    ȋ	 Ƭ ǡ ʹͲͳͳȌ   
characteristics of the voice of respondents with amyotrophic lateral sclerosis diagnosed 





the degree of dysarthria and the incomprehensible speech, the smaller the vowel 
space area and the greater the overlap in the F2 position for the vowels /e/ and /o/. 
ǡǡǡ
ǡǤ
mixed dysarthria were compared with the control group of the respondents, it was 
ϐ




        ǡ ǤǤ  ϐ
more overlapping in the F2 position in women with dysarthria, and that for middle 
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Ǥ
can be good predictors of speech intelligibility, they are not the only predictors.
Speech of individuals with dysarthria resulting from amyotrophic lateral sclerosis 
ȋǦǤǡʹͲͳ͸ȌǤ
what acoustic parameters could indicate a loss of speech intelligibility and a decrease 
Ǥ͵Ͷȋͳ͸
ͳͺȌǤ	ͳ
F2 on the one hand and the speed and intelligibility of speech on the other. Speech rate 





Inadequate articulation of vowels is a common occurrence in all types of dysarthria, 
which result in large variations in the frequencies of formats, as well as in the 
  Ǥ     ǡ   ǡ
       ȋǦǡ ʹͲͳ͵ȌǤ 
 
ϐǡ
group of voices is even more damaged in individuals with dysarthria, and especially 
those involving friction. In these individuals, the height and volume of the voice are 
most often reduced, whereby acoustic parameters such as the fundamental frequency, 





of the voice MFo. In male respondents with spastic dysarthria, male respondents with 
ǡϐǡ
ϐǤ
    
formant of the vowel and the perceptual characteristics, we began to examine the 
ϐ          
Ǥ ǡ  ϐ     	ʹ   
vowels and sentence intelligibility in individuals with dysarthria resulting from 
   ȋ  ϐ Ȍ  ǯ 
ȋ Ȍ ȋǡ ǡ ǡ ǡ Ƭ ǡ ʹͲͲͳ Ȍ   
between the second formant and speech intelligibility in individuals with dysarthria as 
ǯȋǡǡǡƬǡʹͲͲͻȌǤ
In people with dysarthria, it is stated that the range of fundamental frequency, the 
ϐ
ȋǡǡƬǡʹͲͳͳȌǤ
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CONCLUSION
  voice and speech is a modern method of assessment, which 
is increasingly performed independently when diagnosing dysphonia and speech 
Ǥǡ
of voice and speech disorders is used as a complement to perceptual assessments that 
provide subjective data.
           voice and speech in 
individuals with dysarthria revealed that the majority were conducted in individuals 
ǡǡ 
Ǥϐ
that spastic dysarthria is the most common among different types of dysarthria. 

hypertonicity, which also affect the processes of respiration and phonation, as well as 
the reduced range of voluntary movements that impairs articulation. In addition, in 
individuals with spastic dysarthria, the prosody and intelligibility of speech production 
are severely impaired.
ǡvoice of individuals with spastic 
ǡϐ
values  of acoustic parameters compared to norms. Such objective data facilitates the 
determination of adequate speech therapy, which may be directed to the rehabilitation 
of certain acoustic parameters of the Ǥ  ǡ  ϐ
variations in the position of the formats for some vowels were determined by spectral 
analysis of the Ǥ ϐ       
ǡϐǡ
Ǥǡ
compared with the results of other studies, clearly indicate the nature and severity of 
voice and speech pathology in individuals with spastic dysarthria.
voice and speech, which enables to obtain quantitative 
values  of acoustic parameters of the voice and voice formants, it is possible to detect the 
pathology of the voice, possible changes in the vocal cords, early diagnostics, differential 
diagnosis, as well as clear and detailed determination of differences between the 
characteristics of normal and pathological  ȋ Ƭ 	ǡ ʹͲͳͶȌǤ 
addition, this type of analysis has many advantages as it facilitates to determine the 
appropriate treatment for each patient individually, evaluate the treatment, as well as 
to evaluate the improvement of voice and speech after the treatment.
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